Nucleoli of the Root Tip and Cambium of Pinus Strobus
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Received September 20, 1930 Recent contributions describing the minutiae of chromosome struc ture and behavior have not added greatly to our knowledge of other parts of the nucleus. The nucleolus, in particular, is the subject of contradictory reports, and there is little agreement among cytologists concerning either its composition, behavior during mitosis, or function in the economy of the cell. Certain investigators have stated that nucleoli are composed of chromatin.
In the resting nucleus these nucleoli supposedly constitute a reserve supply of chromatin and, upon the initiation of mitosis, disappear as their contents become incorporated in the developing spireme.
They reappear upon the reorganization of the daughter nuclei, the chromatin again being consolidated into discrete bodies. Other investigators have described nucleoli that are composed of a different substance, plastin.
Such nucleoli do not contribute directly to the chromosomes (WILSON, 25), but may fragment and pass to the poles of the spindle as easily recognizable globules. Still other workers combine different aspects of these two contrasting views. Thus, WILSON (25) provisionally classifies nucleoli into two groups: (1) plasmasomes, or true nucleoli; and (2) karyosomes, or chromatin nucleoli.
Some of the existing confusion is due, as WALKER and TOZER (24) have stated, to poor technical methods; i.e., to workers' mistaking clumps of badly fixed chromatin for nucleoli. Some is doubtless caused by the uncertain terminology used to describe the nuclear constituents. For example, oxychromatin and basichromatin are distinguished from each other by their respective affinities for acid and basic dyes ; yet the factors which condition their staining have rarely been controlled.
However, the chief cause of the present unsatisfactory state of our knowledge can be traced to the fact that nucleoli, in general, have been investigated incidentally, as a mere side line in the study of chromatin. Even when the nucleolus has been the primary object of investigation, it has been studied in sections fixed by fluids especially adapted to preserve chromatin. A specimen is considered well fixed if the cyto plasm is not shrunken and the chromosomes are sharply delineated and may be counted easily. While practically all such fixation images are caricatures of living cells, it is possible, by careful differential staining, to distinguish the nucleolar material from chromatin in certain stages of cell division. The very accurate and precise observations of VAN CAMP (22) show what may be accomplished by this method, in spite of its inherent difficulties.
The limitations of these techniques are such that it is impossible to trace the nucleolar material directly through every mitotic phase. The fact that chromatin in the reticulum has an affinity for basic dyes, while nucleoli stain best with acid dyes, simplifies the recognition of these two substances in resting cells. As karyokinesis progresses, the chromatin assumes more and more the staining properties of the nu cleoli. This is at least presumptive evidence that the nucleoli con tribute material to the chromosomes. The evidence is strengthened by the fact that the nucleoli generally disappear as discrete bodies when the chromosomes appear. Direct proof has not been obtained, however, by the technique of differential staining. In those mitotic phases where chromatin and nucleolar material are intimately mixed, each substance obscures the other and renders identification uncertain.
Another disturbing factor is introduced by fixation. This process mordants the cell components and often modifies them to such an extent that it is no longer possible to identify a particular substance by its color reactions. Slight variations in fixation change completely the supposedly specific reactions of chromatin and plastin to dyes. Thus, a change in the pH of a chrome-acetic fixative may so alter the reactions of these nuclear constituents to HEIDENHAIN's haematoxylin that each acquires the staining properties possessed by the other under normal conditions. Whether the colorable material in the resting nucleus is localized in the nucleolus or the nuclear reticulum, or in both, depends entirely upon the fixative used. Although many investigators have described different types of nucleolar activity during cell division, their results are not always com parable because of major differences in their research methods. There of the peripheral region. The sections of cambium came from a mature tree and were collected in the spring shortly after growth had com menced. Small cubes, consisting primarily of xylem with attached cambium and phloem, were secured by the methods described by BAILEY (3). They were dropped immediately into vials containing the various fixatives. Whenever the fluid was not too volatile, the vial was connected with a vacuum pump until all of the air was drawn out of the specimen. Both blocks and root tips were left in the fixatives for 48 hours and were dehydrated and prepared for paraffin embedding by the butyl alcohol technique (30). The root tips were sliced with an ordinary rotary microtome.
The blocks from which the cambium was sectioned required a more elaborate treatment.
The paraffin was care fully trimmed away from the cubes, which were then clamped in a sliding microtome.
Both cubes and knife were moistened with 50% alcohol. A camel's hair brush was held on top of the block and the section was floated off onto the knife. The section was then trans ferred to a watch glass of water and finally floated onto a slide which had been treated with albumen.
There it was allowed to dry. The only stain employed was HEIDENHAIN's hoematoxylin.
Certain terms will be used in this paper in a restricted sense. The term "chromatin" will be limited to the stainable material, which forms a reticulum in resting nuclei, and is thus synonymous with basi chromatin.
As the nucleolar material can easily be separated chemi cally from the chromatin, it will be labeled "plastin"
and never be referred to as oxychromatin.
Fixation of Nucleoli
The fixatives used in the preparation of the nucleoli of Pinus Strobes for cytological examination are essentially those used in a previous study of the nucleolus of Zea mays (28). Early in the present investigation it was found that a particular fluid need not give similar fixation images with homologous cells of different plants.
The image is determined not only by the substances in the fluid but also by those chemicals dissolved out of the specimen during fixation. Often the latter may alter the image until it is no longer recognizable.
In any careful study of fixation the fluid used must contain substances which will compensate for those furnished by the tissue which is being fixed. In the case of the root tips and cambium of Pinus Strobus it is the tannic acid released during fixation which constitutes the most disturb ing factor.
The chemical separation of chromatin, plastin, and mitochondria has been described (27, 28, 29). Here they were preserved for study in the following combinations:
(1) chromatin, plastin, and mitochondria fixed; (2) plastin and mitochondria fixed and chromatin dissolved; (3) chromatin and plastin fixed and mitochondria dissolved; (4) plastin fixed, mitochondria dissolved, and chromatin rendered very faintly staining or unstainable; and (5) chromatin fixed, mitochondria dissolved, and plastin rendered incapable of staining.
1. The preservation of chromatin, plastin, and mitochondria is secured by a fixation with copper bichromate at pH 4.6. The reaction of this solution is somewhat variable and erratic. The characteristic fixation image is more dependable when a trace of copper sulphate is added. The presence of tannic acid in the specimen to be fixed makes a good preservation of mitochondria impossible unless the acid is neutralized. This is a rather delicate procedure, as the fixa tion of both chromatin and mitochondria can only be secured in a very limited pH range.
If the solution is too acid, the mitochondria are destroyed; if too basic, the resting chromatin is dissolved, and the chromosomes are badly clumped. The most satisfactory means of securing the fixation of all three cellular constituents is to add a trace of an ammonium salt to the copper bichromate, -either ammonium sulphate or ammonium bichromate.
The amount of the ammonium salt must be determined empirically for every species fixed, as too much will cause the chromosomes to be clumped, and too little will fail to preserve the mitochondria.
For the vegetative cells of Pinus Strobus the following mixture was most successful. This preserves mitochondria in those cells which contain no tannin. It fixes dividing chromatin so that it can be destained and dissolves all resting chromatin, thus simplifying the identification of plastin in the prophases and telephase. As it is a very precise fixative for plastin, it is one of the most valuable of the reagents used by the writer. The image is illustrated in Figures 24, 25 , 26, 33, and 34. 2. The fixation of plastin and mitochondria and the dissolution of chromatin are secured by a mixture of potassium bichromate and ammonium bichromate at pH 4.4. The fixa tion image has been described in detail (27, 28, 29) . This mixture was of little value in the study of the nucleolus of Zea because it distorted all dividing nuclei beyond recognition. The chromatin and spindle fibers were dissolved, the nuclear lymph rounded up into a single spherical drop, and the heavily staining plastin collected into one or two globules. Consequently the fixation image of dividing cells was identical with that of resting cells. No dividing nuclei were ever found in root tips of Zea fixed with this bichromate mixture. However, when root tips of Pinus were placed in this fluid, they changed it to such an extent that the mitotic phases were preserved. The plastin could be located and identified in many of these phases. Enough tannic acid exists in the periphery of the root tips to give them a typical acid fixa tion image when it is released by the penetrating bichromates. As no tannin is stored in the central cylinder, the cells here have the typical bichromate fixation image. In the transitional cells between the two regions every intermediate type of fixation is shown. Dividing cells, where the chromatin is swollen and so conditioned that it stains very lightly, show granules of plastin distributed along the spireme (Figs. 21, 23). In the phloem, also, the tannin prevents the bichromates from causing a complete agglutination of the plastin, which con sequently appears in very small granules distributed along the chromo somes and spireme (Fig. 31) This fixative was one of the most useful in the investigation of nucleolar behavior in Zea. The fact that it preserved both the chromatin and the plastin made it extremely valuable in establishing the connections between the nucleolus and the spireme.
Zea usually has a single large nucleolus in both the resting cells and those in the earlier division stages.
The size and shape of this body make it easy to identify, and thus prevent one from confusing it with any globules of chromatin which may be present in the reticulum or spireme.
Pinus has many nucleoli which tend to fragment in the early prophases.
When preserved with this fixative, the nucleoli and chromatin stain alike with haematoxylin, and it becomes impossible to distinguish the smaller nucleoli from globules of chromatin in the early spireme.
The images thus obtained are difficult to interpret. A more concentrated solution should be used for the fixation of Pinus than is necessary for the fixation of Zea, as the increased amount of copper minimizes the disturbing effects of the tannic acid introduced with the Pinus specimen.
The formula is: 
The Nucleolus in Resting Cells
In the resting nucleus of the root tip and cambium of Pinus Strobus, the plastin is never concentrated in a single globule such, as is typical of many angiosperms.
In Pinus the nucleoli vary in number even in resting cells collected and fixed in midwinter.
Nuclei contain ing five, six, or seven nucleoli are of common occurrence, but a limited number contain either four or eight. This plurality of nucleoli is typical of many gymnosperms and is characteristic of the genera Abies, Cedrus, Larix, Picea, Pseudotsuga, Sciadopitys and Tsuga. Other gymnosperms have regularly but two nucleoli in each nucleus; yet even these are subject, at times, to a marked variability.
As examples of this latter group may be cited Agathis, Ginkgo, Juniperus, Sequoia, Taxus and Thuja.
In certain species of angiosperms the number of nucleoli also varies, although, in general, there is a particular number characteristic of the species. Thus, Zea has but a single nucleolus in fully ninety per cent of the resting cells; yet some cells have two nucleoli and a few as many as three.
DE MOL (15, 16, 17) has made a very careful study of nucleolar number in the hyacinths and has found a single nucleolus in resting cells in haploids, two in diploids, three in triploids, four in tetraploids, etc.
In the angiosperms it is difficult to determine, by a mere examina tion of fixed resting cells, whether the nucleolus is attached to the threads of the chromatin reticulum.
When the specimen is preserved with the usual mixture of acids, the nucleolus is surrounded by a color less halo, and any connecting threads which may have existed are ruptured (27, 28, 29). The bichromates on the basic side of pH 4.4 preserve the nucleolus in intimate contact with fixed nuclear lymph, but all traces of a chromatin reticulum are destroyed (27, 29). Thus, the cytological investigation of this point has not yielded crucial evi dence. The experiments of NEMEC (19), in centrifuging the root tips of Zea, however, have shown it to be highly probable that the nucleolus is connected with the reticular threads.
In the gymnosperms this connection has been demonstrated cytologically (BAILEY, 2). In Pinus it is preserved by a number of different fixatives.
The size and shape of the nucleolus in preserved specimens depend not only upon the amount of plastin in the nucleus but also upon the fixative. Different standard fluids produce very different images, and even slight changes in the pH of a single fixative will greatly alter the form given the nucleolus.
Thus, the nucleoli may be small, dense, heavily-staining, regular spheres when fixed with mixtures of bichro mates. They are larger, vacuolate, unstainable, irregularly-lobed bodies when fixed with acids. By comparing each image with unaltered living cells, it is possible to determine which fluid alters the structures least. For example, "vacuoles" have often been reported in nucleoli. The question arises:
Are they artifacts?
In living cambial cells of Pinus the nucleoli contain small droplets of a less refractive substance and consequently appear vacuolate. The formic acid-acetaldehyde mixture preserves this form quite accurately, and in living cells the nucleolus resembles that shown in Figure 5 . SATO (20) notes that there are two substances in the nucleolus of the Swan mussel, Cristaria plicata. These are rendered quite distinct by such acid fixatives as CARNOY's and ZENKER's and are obscured by a fixation with formalin or a bichro mate. DEMBOWSKI (4) and MARWINSKI (13) also record two different substances in the nucleolus. In Pinus the connection between the nucleoli and the spireme is quite clear (Figs. 1-7, 27 ). The nucleoli form lobes, each of which is joined to the spireme (Figs. 2, 27 ). The lobes are often pulled apart (Fig. 27 ), but each fragment remains attached to the chromatin (Figs. 4, 7, 9, 27 ). Sometimes the fragments elongate until their diameter is little more than that of the spireme (Fig. 3) . The nucleoli at this stage, when fixed with the formic acid-acetaldehyde mixture, seem to be surrounded by a thin layer of chromatin (Fig. 5) . The whole sequence of forms suggests very strongly that the plastin flows into the spireme, an hypothesis substantiated by direct tests for plastin in spireme and chromosomes.
The fixing and staining properties of the chromatin alter during the prophases (27, 28, 29), and more and more resemble the properties of the nucleoli as these globules of plastin disappear.
In Zea (28) the passage of the plastin has been traced into the spireme, although, on account of the distortion of fixation, it cannot be stated whether the nucleolar material forms the core or the periphery of the thread, or whether it is evenly diffused throughout.
VAN CAMP (22) , LENOIR (10), and MARTENS (12) also report evidence of plastin being incorporated in the spireme. On the other hand, SCHAEDE (21) states that this passage does not occur in the species he investigated, although he considers it probable that the nuclear threads take up the plastin in an altered form. FREW and BOWEN (7) were of the opinion that the nucleolus did not contribute to the chromosomes, and they were unable to find any attachment of the nucleolus to the chromatin elements.
In Zea the plastin enters the spireme prior to its fragmentation into chromosomes.
In Pinus, on the contrary, the chromosomes form before the nucleoli have disappeared (Fig. 7) . The difference in the behavior of these two species may be due to the fact that Zea has normally but a single nucleolus while Pinus has many. If, in both cases, the entire spireme is to be im pregnated with plastin, it must remain entire in Zea until the im pregnation has occurred; in Pinus, on the contrary, it may fragment into as many pieces as there are globules of nucleolar material.
In the root tips of Zea the spireme flattens out on the equatorial plane while still attached to the nucleolus (28). In Pinus the nucleoli have dis appeared, and chromosomes are formed before any such movement has occurred (Figs. 8, 10) .
In many species of angiosperms all of the nucleolar material need not pass into the developing spireme.
A residuum often remains as a distinct mass at the center of the dividing nucleus even as late as metaphase.
This mass may pass in toto to one of the poles of the spindle, or it may elongate and constrict into two or more fragments. In the latter case the plastin is distributed to both poles, although not necessarily in exactly equal amounts.
This behavior, as reported by numerous investigators, occurs in both monocotyledons and dicoty ledons, and has been described in detail by VAN CAMP (22) , YAMAHA and SINOTO (26), DEMBOWSKI and ZIEGENSPECK (5), SCHAEDE (21), ZIRKLE (28), and FREW and BOWEN (7), -to cite only the more recent papers. The masses of plastin which reach the poles break up into small granules which pass out into the cytoplasm (YAMAHA and SINOTO, 26), (ZInKLE, 28). FREW and BOWEN (7), however, were unable to re cognize any nucleolar granules outside of the nucleus.
No trace of such residual plastin was observed in Pinus. The last traces of nucleolar material always pass into the chromosomes before metaphase.
When the chromosomes line up at the equatorial plane, they contain all of the recognizable plastin which exists in the cell. At no time were any granules of nucleolar material found in the cytoplasm. This difference between Zea and Pinus, in regard to the behavior of their nucleoli, is real-not an accident of fixation, as both species were investigated by similar techniques.
The U-shaped chromosomes of Pinus line up as shown in Figures  11-13, 28 . Only a small proportion of the chromatin is actually at the equatorial plane (Fig. 28) . By far the greater part of it is spread over nearly the whole nuclear region, the ends of the chromosomes extend ing almost to the poles. Few, if any, chromosomes are equidistant from the two poles, approximately half being nearer one pole and half nearer the other (Figs. 11, 12, 28) (6) reported, the split first appears at the middle of the chromosome, the region where the curvature is greatest. It spreads from this point, as the two halves are drawn apart, until only the ends are in contact (Text- Fig. 1 ). This process results in a complete reorientation of the chromosomes.
Before the splitting, the bend of the U is toward the equatorial plane and the ends of the chromosomes toward the poles. After the split, the chromosomes become reversed (Fig. 16) , and migrate toward the poles (Figs. 17-19) .
The plastin is distributed throughout the entire length of the chromosomes.
Whether it is located in the periphery, core, or is diffused throughout the chromatin cannot be determined by a study of fixed material, for the evidence thus obtained is not consistent. Figure  20 illustrates the fixation image of nickel chrome-acetic.
Here the chromosomes proper are unstained.
Each is covered by a sheath of stained plastin. Figure 22 represents a cross section through the chromosomes ; the plastin is clearly localized on the periphery. When valeric acid is substituted for acetic in this fixative, the nucleolar material appears as granules adhering to the surface of the chromo somes. When fixed with the bichromate mixture, the plastin appears as granules in the interior of the chromosomes and spireme (Figs. 21,  23, 31 ). This image is clearly illustrated by VAN CAMP (22) . Obviously the finer details of chromosome structure will have to be investigated in living unaltered material.
On the reorganization of the daughter nuclei, the plastin becomes consolidated into the nucleoli observable in living resting cells. Figure  29 shows nucleolar material as globules on the spireme. All chromatin has been dissolved in the nuclei represented in Figure 30 . The numer ous globules of plastin here shown do not represent real nucleoli but only an agglutination of a material which is diffuse in the living nucleus. The consolidation of plastin proceeds as shown in Figure 32 . Here both constituents of the nucleoli are so fixed that they stain heavily and equally. As a consequence they appear as black, structure less masses. Figure 33 represents approximately the same stage pre served by another fixative. The two nucleolar constituents are discrete, the "vacuoles" of living nucleoli being stained black, while the general matrix appears lighter.
In the lower of the two daughter nuclei, distinct rounded nucleoli appear.
In the upper nucleus the plastin is still drawn out into beaded strings which contract in the various ways illustrated in Figures 25, 26 and 34. The granules, even when organized into spirals (Fig. 34) , contain no chromatin, as the fixative used prevents chromatin from staining heavily and dissolves all of it, except that in the chromosomes at metaphase.
These coiled nucleoli and beaded strings of plastin are not artifacts of fixation, as they can easily be demonstrated in the nuclei of living, streaming cambial cells. BAILEY (2) has noted that the nuclei in the cambium of Pinus are much elongated in midwinter and more or less disk-shaped during the season of rapid cell division. A typical elongated resting nucleus is shown in Figure 36 . The plastin is organized into relatively few nucleoli. In the recently formed daughter nucleus (Fig. 35 ) the plastin is in approximately twice as many globules. The numbers of nucleoli vary in both types of nuclei, but average about six in the elongated, and about twelve in the disk-shaped.
In the active growing season only rarely are resting nuclei found with less than ten nucleoli. This suggests that the cambial nuclei need not go into a completely resting stage between successive mitoses.
Discussion
An examination of the details of nucleolar behavior in Pinus Strobus reveals many characteristics which are unlike those reported for the angiospeams.
In the resting nucleus of Pinus there are many nucleoli, normally from 5 to 7, although at times there may be either more or fewer. Most of the angiosperms investigated show but one or two nucleoli in resting cells. All gymnosperms thus far examined have nucleoli which differ structurally from those described in the angiosperms. BAILEY (2) reported that a chrome-acetic fixative, which preserved the nucleoli of certain angiosperms as smooth spheres sur rounded by a colorless halo, showed the gymnosperm nucleoli as more or less irregular bodies in intimate contact with the rest of the nucleus.
Recent investigations of karyokinesis in the angiosperms have revealed a number of species in which the nucleolar material persists as a discrete mass well into metaphase.
This persistence, while by no means universal, is much more common than is generally recognized. YAMAHA and SINOTO (26) have reported it in about thirty different species.
It has also been recorded recently by VAN CAMP (22), DEMBOWSKI and ZIEGENSPECK (5), SCHAEDE (21), ZIRKLE (28), FREW and BOWEN (7), and DEMBOWSKI (4). The entire mass of plastin may migrate to a single pole of the spindle, or it may fragment and pass to both poles. Once it reaches the poles, it regularly breaks up and passes out into the cytoplasm (VAN CAMP, 22), (YAMAHA and SINOTO, 26), (ZIRKLE, 28). The whole process is somewhat erratic, and DEMBOWSKI and ZIEGENSPECK (5) believe it to be limited to the zone of most rapid cell division, where the cells are very rich in nucleolar material.
No trace of such nucleolar behavior was observed in Pinus, either in the cambium or in the root tips. Here all of the plastin is incor porated in the spireme well before metaphase.
It is carried to the daughter nuclei in the chromosomes and is thus continuous from one cell generation to another.
Such a passage of nucleolar material into the chromosomes is also common in the angiosperms (LENOIR, 10, VAN CAMP, 22, MARTENS, 12, ZIRKLE, 28) and seems to be the essential char acteristic of nucleolar behavior common to all plants which have been adequately investigated.
FREW and BOWEN (7), who reported to the contrary, used technical methods entirely inadequate for such a study.
The two visibly distinct substances which have often been reported as constituting the nucleolar apparatus of living cells, are especially dis tinct in Pinus.
In living preparations of the cambium these substances have different indices of refraction, and as one is dispersed as fine droplets in the other, the nucleolus appears vacuolated.
The separate recognition of these two constituents of the nucleolus becomes impos sible as mitosis progresses.
In the later telophases and in the daughter nuclei (Figs. 25, 26, 33-36) , the nucleolar material is again organized into the two substances, which have very different fixation and staining properties.
Neither substance has the fixation or staining charac teristics of chromatin.
No theory yet advanced has proven altogether satisfactory as an explanation of the forces which move the chromosomes during karyo kinesis. The movement of chromatin is away from the poles until the chromosomes line up at metaphase.
In many species with small, short chromosomes, practically all of the chromatin flattens out on the equa torial plane,-the maximum distance from the two poles. There it undergoes certain chemical changes which are reflected in its reaction to stains. Using the terms "electropositive"
and "electronegative" in a special sense, KUWADA and SUGIMOTO (9) record the chromatin as changing from electronegative to electropositive.
This change, they point out, occurs on the disappearance of the nuclear membrane.
In the case of Zea (28) it may be accounted for by the observed impregna tion of the spireme with electropositive plastin. Following the change in electric potential the chromosomes reverse the direction of their previous motion and migrate to the poles of the spindle. The whole process of this type of chromosome movement could be accounted for by the electromagnetic theory of nuclear division. KUWADA (9) has recently shown many analogies between the behavior of such chromo somes and that of floating magnets.
The electromagnetic theory does not explain the movement of the somatic chromosomes of Pinus.
In this gymnosperm the greater part of the chromosome movement is neither away from nor toward the poles (Text -Fig. 1 ). The long chromosomes are merely turned about so that the bend of the "U" points in an opposite direction. There is never a massing of chromatin on the equatorial plane, while the migra tion toward the poles (Figs. 16-19, Text-Fig. 1 ) is but a small part of the total movement.
Another objection to this theory lies in the fact that, after the split, the chromosomes do not migrate to the nearest pole (Text- Fig. 1 ). Half of them move toward the farther pole and actually pull the ends of their sister chromosomes away from the pole toward which the latter are bound. If the nucleolar material were localized in the bend of the chromosomes, so that only this portion had an electric charge unlike that of the poles, while the remaining portion bore a like charge, the peculiar turning of the chromosomes could be explained. However, the nucleolar material is distributed throughout the entire length of the chromosomes (Fig. 20) , and, as nearly as can be judged, the entire chromosome bears the same charge. Cytologia 2, Chromosome movement in Pinus can be accounted for adequately by assuming that each chromosome is attached to an elastic spindle fiber and is drawn to a pole by the fiber's contracting.
This hypothesis, however, does not account for all movement from the equatorial plane to the poles of the spindle. NEMEC (18) has shown, and his results have been recently repeated by FREW and BOWEN (7) , that globules of nucleolar material at the equatorial plane pass exactly to the poles; and that these globules are not attached to spindle fibers. METZ (14) has recorded a case where certain chromosomes move away from the pole to which they are attached by the fibers. More data must be ac cumulated before the movement of chromosomes can be accounted for.
The question naturally arises as to what function the nucleolar material serves in the economy of the cell. A number of different answers have been given. While the functions assigned have been extremely varied, they have not been so numerous as the investigators who have undertaken to answer the question.
This shows that there has been some duplication and that two or more investigators must have agreed on some of the various answers.
Under these circum stances there is always a temptation to allot to the plastin a function, which it has never before been given, and whose one virtue lies in its being at least as logical, and fitting the observed facts as well, as those previously assigned.
Plastin is continuous from cell generation to cell generation, like chromatin;
and, like chromatin, it contributes to the formation of chromosomes.
Combined genetical and cytological research has shown that the linkage groups or gene-strings are located in the chromosomes. No convincing evidence, however, has yet been produced to prove that the genes are composed of that particular colloidal mixture with an affinity for basic stains which is labeled chromatin.
Plastin, like chromatin, is spatially very close to the genes during the process of karyokinesis and, like chromatin, performs an unknown function. Summary 1. The root tip and cambium of Pinus Strobus were fixed in several different fluids so as to preserve the chromatin, plastin, and mitochondria in the following combinations:
(1) chromatin, plastin, and mitochondria fixed; (2) plastin and mitochondria fixed and chro matin dissolved; (3) chromatin and plastin fixed, mitochondria dis solved; (4) plastin fixed, mitochondria dissolved, chromatin rendered unstainable; (5) chromatin fixed, mitochondria dissolved, plastin ren dered unstainable.
It was thus possible to separate the plastin from the chromatin, chemically, and to follow it through the several mitotic phases unobscured by any other nuclear constituent.
It was also possible to distinguish any possible granules of plastin in the cytoplasm from the mitochondria.
2. The organization of nucleolar material in both the resting and dividing nucleus of Pinus differs in many important details from that recently described in a number of angiosperms.
The resting nucleus of Pinus contains an average of six nucleoli which are in intimate contact with the chromatin threads of the reticulum.
On the initiation of karyokinesis, each nucleolus becomes attached to the spireme. The plastin passes into the spireme and is distributed to the daughter cells as apart of the chromosomes.
On the reorganization of the daughter nuclei, the plastin is consolidated into the typical nucleoli of the resting ,cell. Unlike Zea, the Pinus nucleoli do not persist to metaphase, and discrete globules of plastin do not , pass from the equatorial plane to the poles of the spindle.
No evidence was found of any fragments of nucleolar material passing out into the cytoplasm.
3. Two distinct substances can be observed in the resting nucleoli in living cells. As these substances have a different index of refrac tion, the nucleoli appear vacuolate.
These substances can be separated by fixation in the resting nucleus and in the later telophases. During the other mitotic phases, however, they have not been separated, so that, at present, it is not possible to trace each one individually through the entire cycle of cell division. Neither substance is chromatin.
4. The bearing of the activity of plastin during mitosis upon several theories concerning the forces involved in cell division is dis cussed.
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